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Immunomagnetic separation of specific target cells 

The present invention provides an advanced immunomagnetic method for the 
isolation of specific target cells from cell populations and suspensions of cell 
populations, especially tumor cells from peripheral blood, bone marrow 
aspirates, ascites and other body fluids. The invention also relates to a kit for 
performing the method for the isolation of specific target cells, especially for 
the isolation of tumor cells from blood samples. 

Background of the Invention 

Once a tumor gets malignant, tumor cells are disseminated into the blood and 
other compartments and spread into the body. These disseminated cells may 
give rise to metastases. The presence of disseminated tumor cells in blood, 
bone marrow aspirates and other body fluids is a marker of the disease and 
believed to be correlated with a decrease in survival. Therefore, the 
determination of disseminated tumor cells is of clinical interest and therapeutic 
importance. In addition the increase or decline in the number of disseminated 
tumor cells during therapeutic treatments will indicate the success of the 
treatment. Consequently, there is a medical need for the isolation and the 
characterization of disseminated tumor cells. 

Disseminated tumor cells are characterized by the expression of specific cell 
surface structures (antigen-determinants, AG), These AG allow to distinguish 
between tumor cells and normal cells. AG can be identified by the use of 
specific polyclonal or monoclonal antibodies. 

Tumor-cell specific antibodies or molecules recognizing specific targets on 
tumor cells (e.g. aptamers) can be coupled onto paramagnetic particles 
(hereinafter also referred to as "beads"). If these antibody-bead complexes 
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are incubated with suspensions, composed of tumor cells and other cells, a 
specific linkage between the tumor cells and the beads will occur. 

Recently, EP-B-0660930 described a method for the detection of tumor cells 
using antibody-coated paramagnetic particles, However, in said method an 
incubation of the beads and/or the cell suspension with a mild detergent is 
necessary, since it will reduce the unspecific binding of non-target cells to the 
paramagnetic particles. 

It has to be kept in mind that individual tumor cells differ in their protein 
expression and consequently in the expression of cell surface structures (AG). 
Tumor cells with a low expression of AG, which are recognized by specific 
antibodies may not be detected. To circumvent this problem several solutions 
were proposed. First different antibodies directed against different AG of the 
tumor cells can be coupled onto the paramagnetic beads. Second, the bead 
surface can be modified in a way that a high attraction between tumor cells 
and beads exists. These forces can be reduced by the addition of mild 
detergents. Therefore, an incubation with detergents should be avoided in 
order to capture also tumor cells with a low expression of surface markers. 

Summary of the Invention 

It was now found that paramagnetic particles which are loaded with 
antibodies/antibody fragments by a specific process avoid the above 
mentioned problems and are thus suitable for immunomagnetic isolation of 
target cells from body fluids without a preincubation of the cells with a 
detergent. Furthermore, it was found that the use of a specific buffer has an 
advantageous influence on immunomagnetic isolation utilizing such 
paramagnetic particles. The invention thus provides: 

(1) a method for loading paramagnetic particles consisting of a core matrix 
containing paramagnetic material and having stably attached to its 
surface activatable functional groups capable of forming a chemical bond 



with nucleophilic groups on antibodies or antibody fragments, with 
antibodies or antibody fragments, which method comprises reacting 
particles having activated functional groups with antibodies or antibody 
fragments, and subsequently completely inactivating the remaining 
activated functional groups; 

(2) a method for isolating and identifying specific target cells contained in 
body fluids, which comprises the steps of 

(a) (1) mixing paramagnetic particles loaded with first 

antibodies/antibody fragments directed against the target-cell 
specific membrane structures, or mixtures of said first 
antibodies/antibody fragments according to the method defined 
in (l) above with the body fluid containing the target-cells, or 
(2) mixing and incubating free first antibodies/antibody fragments 
or mixtures of said first antibodies/antibody fragments with the 
body fluid containing the target cells; 

(b) (1) incubating the mixture obtained in step (al), or 

(2) mixing and incubating the mixture obtained in step (a2) with 
the paramagnetic particles loaded with second 
antibodies/antibody fragments capable of specifically binding to 
said first antibodies/antibody fragments according to the 
method defined in (1) above; 

(c) subjecting the mixture obtained in step (b) to a magnetic field to 

therewith separate the specific target cells from the mixture, 
provided that steps (a) and (b) do not encompass a pre-incubation with 
detergents; 

(3) a preferred embodiment of the method of (2) above, wherein the 
incubation step (b) is performed in an incubation buffer containing sugars, 
citric acid or a salt thereof, and lipids; 

(4) a preferred embodiment of (3) above, wherein said incubation buffer 
comprises citric acid or a sodium or potassium salt thereof at a 
concentration of 2 to 20 mM, a mixture of hexoses and/or pentoses in a 
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total concentration of 5 to 50 mM and lipids in a concentration of 0.01 to 
10 g/l; 

(5) paramagnetic particles loaded according to the method of (1) above; 

(6) an incubation buffer as defined in (3) or (4) above; 

(7) a kit for immunomagnetic isolation comprising the loaded paramagnetic 
particles of (5) above; and 

(8) a preferred embodiment of the kit of (7) above, wherein the kit is suitable 
for performing the method of (2), (3) or (4) above and comprises 

(i) paramagnetic particles loaded with first antibody/antibody fragments 
as defined in (2) above; or paramagnetic particles loaded with second 
antibodies/antibody fragments and free first antibodies/antibody 
fragments as defined in (2) above; 

(ii) an incubation buffer as defined in (3) or (4) above. 

The method (2), (3) and (4) of the invention is suitable to isolate, for 
diagnostic purposes, specific target cells from blood, bone marrow and other 
body fluids. It represents a sensitive isolation method for a variety of cell 
types, such that a high number of cells can be readily screened in the 
microscope or by FACS/FLOW analysis. The present method can be used for 
the isolation of cells for biochemical, molecular biological and immunological 
examinations. Also the isolated cells can be cultured and investigated further. 

The method (2), (3) and (4) provides for the immunomagnetic isolation of 
target cells from a mixed cell population and physiological solutions containing 
cell populations and is suitable for positive isolation of specific types of both 
normal cells and abnormal cells. The method creates a linkage between a 
specific target cell and an insoluble support, such as paramagnetic particles, 
which consists of one or several elements. The particles are coated either with 
first antibodies/antibody fragments of murine, rat, bacterial, phage or other 
origin, directed to the specific antigen determinants in the membrane of the 
wanted target-cells, or the particles are coated with second polyclonal or 
monoclonal antibodies/antibody fragmenst capable of specifically binding to 
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the specific anti-cell antibodies (first antibodies/antibody fragments) directed 
to the antigen-determinants in the target-cell membranes. Preferably said 
second antibodies/antibody fragments are binding to the FC portion of the first 
antibodies/antibody fragments. Target sensitive antibodies can be replaced by 
other target sensitive molecules like aptamers. Furthermore, the specificity of 
the test can be increased by adding a further set of antibodies or antibody 
fragments, prelabelled or not with fluorescent agents, metallocolloids, 
radioisotopes, biotin-complexes or certain enzymes allowing visualization or 
detection by other means. 

Short Description of the Figure 

Figure 1 is a graph showing the results of Example 8. 

Detailed Description of the Invention 

In the method (1) of the invention any core matrix suitable to form 
paramagnetic particles can be utilized. Preferably the core matrix is selected 
from silica, aluminum hydroxide, hydroxyapatite, zirconium hydroxide, etc. 
Suitable paramagnetic material for preparing paramagnetic beads is well- 
known in the art- Any material having a positive but small magnetic 
susceptibility, due to the presence of atoms with permanent magnetic dipole 
moments, can be utilized. Particular material includes, but is not limited to, 
MnS0 4 , FeS0 4 , CoCI 2 , NiS0 4 , other salts of said metals, etc. 
The activatable functional groups capable of forming a chemical bond with 
nucleophilic groups on the antibodies or antibody fragments can be functional 
groups which are directly activatable or are activatable through reaction with 
Afunctional reagents (which provide for an electrophilic site). Suitable 
activatable functional groups include, but are not limited to, -COOH, -NH 2 , - 
S0 3 H, -SH, CHO, -OH, acetals, epoxy groups or activated derivatives thereof, 
preferred are -COOH or activated derivatives thereof. 
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The activatable functional groups can be attached to the surface of the 
paramagnetic material via a linker molecule carrying the activatable functional 
group. The linker molecule preferably comprises the structure 

-X-fg 

(wherein X is a C1-20, preferably a C 3 . 8 alkylene group optionally interrupted by 
one to five heteroatoms including, but not limited to, -O-, -S-, -NH-, -N(Ci- 3 
alkyl)-, -S(O)- and -S(0) 2 -, and fg is a functional group as defined above. Most 
preferably the linker comprises the structure -(CH 2 ) 3 NH(CH) 2 COOH or - 
(CH 2 ) 6 COOH. The attachment of the activatable functional groups via such 
linker molecule has the consequence that parts of the surface of the 
paramagnetic particles remain uncovered and are thus capable of participating 
in the binding of cells and the like. Particles carrying such linkers are 
commercially available as Sicastar-M (Micromod) and Simag 75/H-TCL 
(Chemicell). Such linkers can be attached to the surface of the core matrix by 
reacting a suitable activated functionality on the liner with OH-groups on the 
surface of the core matrix. 

Alternatively, the functional groups can be attached to the particles via a 
natural or synthetic polymer coated on the paramagnetic particles, provided, 
however, that it provides the required functional groups. Preferably the 
polymer is selected from homopolymers or copolymers derived from 
monomers having unsaturated carbon chain and a functional group as defined 
hereinbefore, or a protected form thereof, preferably an acrylic acid or 
derivatives thereof. 

The paramagnetic particles of the invention preferably have a diameter of 
about 0.5 to 2.5 pm, a density of about 1.5 to 3 g/cm 3 , a functional group 
density of about 1 to 10 pmol COOH per g particle and/or a degree of 
magnetization of about 1 to 10 emu/g, 

In a particularly preferred embodiment the activatable functional group is a 
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-COOH group attached to the surface of the particle via a linker molecule, 
preferably through the most preferred linker as defined above, the activation is 
effected by treatment with a carbodiimide (e.g. a water-soluble carbodiimide 
such as EDAC) and N-hydroxy succinimide and the inactivation of remaining 
activated -COOH groups is effected by treatment with anarnine, e.g. a mono - 
or - di Ci-4-alkylamine optionally substituted by one to three polar groups such 
as -OH, -SH, -NH 2 , halogen, nitro, cyano, -COOH, -SO3H, -P0 4 H, -OCH 3 , -O- 
(CH 2 )* OH, etc. Suitable amines include ethanolamine, glycine, alanine, 
diethylamine, etc., with ethanolamine being most preferred. The reactivation is 
effected at a pH adapted for the amine. With ethanolamine, it is preferred that 
the treatment is performed at about pH 4 to 8, more preferably at about pH 
5.5 to 7,8, even more preferred at about pH 7,40 to 7.45, most preferably at 
about pH 7.42. 

In the method (2), (3) and (4) of the invention "avoiding of preincubation 
with amphiphiles n means that neither a separate pre-incubation step with 
detergents (which includes detergents, emulsifiers and the like) is performed 
nor are such detergents present in a significant amount (i.e. no more than 
0.0001% v/v) in the solvent of the incubation steps (a) and (b), the entire 
absence of detergents in steps (a) and (b) being preferred. 

In the method (2), (3) and (4) it is preferred that the body fluid prior to its 
mixing with the loaded particles or first antibodies/antibody fragments is 
subjected to dilution or ammonium chloride lysis. The lysis is preferably 
performed by incubating 1 ml peripheral blood, preferably plasma depleted, 
with 4 ml lysis solution containing NH 4 C1, KHC0 3 and EDTA (e.g. at 
concentrations of about 155 mM, 10 mM and 0.1 mM, respectively). 

The first or second antibodies/antibody fragments or the beads may be labeled 
with functional moieties permitting their visualization by a physical or chemical 
reaction. If such functional moieties are not present on first or second 
antibodies/antibody fragments, it is preferred that prior to or after step (c) the 
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reaction mixture is incubated with third antibodies or antibody fragments 
labeled with a functional moiety (e.g. an enzyme or the like), said third 
antibodies/antibody fragments being directed to extracellular or intracellular 
molecules present in the target cells, but differing from the membrane 
structures recognized by the first antibodies/antibody fragments. Suitable 
functional moieties are well-known in the art and include, but are not limited 
to, fluorescent agents, metallocolloids, radioisotopes, biotin-complexes or 
certain enzymes allowing visualization or detection by other means, among 
which fluorescent agents are most preferred. 

In a particularly preferred embodiment the counting of the stained or 
unstained particle-cell-complexes in the cell suspension is performed after step 
(c) by labeling with a target cell-specific third antibody carrying a fluorescent 
dye and by characterizing the particle-cell-complexes using a microscope 
and/or a suitable cell/particle counting device. 

Moreover, it is preferred that the body fluids are derived from peripheral blood, 
bone marrow aspirates, from pleural or peritoneal effusions, urine, 
cerebrosipinal fluid, semen, lymph, from solid tumors, preferably the body 
fluids are derived from peripheral blood or bone marrow aspirates, most 
preferably the body fluids are of human origin. 

The specific target cells are selected from any one of primary abnormal cells, 
including tumor cells, metastatic tumor cells, disseminated tumor cells and the 
like. Preferably the target cells are selected from cells of breast cancer, ovarian 
cancer, lung carcinoma, melanoma, sarcoma, glioblastoma and other cancers, 
etc. 

It is furthermore preferred that the first and second antibodies/antibody 
fragments are of the IgG, IgM, IgA, etc. isotype, deriving from e.g. mouse, 
rat, rabbit, goat, etc. Particularly, the first antibodies/antibody fragments are 
preferably monoclonal antibodies/antibody fragments, more preferably are 
directed against groups of antigen determinants on the target cells, and most 
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preferably against epithelial surface antigen (ESA), Her2/neu, melanocyte cell 
surface antigen, CD146, etc. The first antibody/antibody fragment can be 
replaced by other target sensitive molecules like aptamers, etc. The second 
antibodies/antibody fragments are preferably polyclonal or monoclonal 
iodotypic antibodies or antibody fragments (e.g. anti-mouse, anti-rat, anti- 
rabbit, anti-goat, etc.). 

In a further preferred embodiment methods (2), (3) and (4) of the invention 
furthermore include a wash step of the magnetic particles separated in step 
(c). Any wash solution not negatively influencing the separated cells can be 
used. It is however preferred that the wash solution is the incubation buffer, 
preferably composed as described herein below. The wash solution may be 
sterilized. The isolated cells can be examined by biochemical, molecular 
biological or immunological methods, preferably including a characterization of 
specific genes by identifying nucleic acids and proteins and/or elucidating the 
structure and function of nucleic acids and proteins. It is also feasible that a 
culture of the isolated target cells or their complexes with the coated magnetic 
particles is established. 

The incubation buffer used in embodiment (3) and (4) of the invention 
preferably contains citric acid or a sodium or potassium salt thereof at a 
concentration of 2 to 20 mM, a mixture of hexoses and/or pentoses in a total 
concentration of 5 to 50 mM and lipids in a concentration of 0.01 to 10 g/l. 
Particularly preferred incubation buffers are phosphate buffered saline 
containing citrate, a mixture of at least three hexoses and/or pentoses and 
lipids/liposomes at physiological pH. In more detail: citrate can be the free acid 
as well as any salt, preferably a sodium or potassium salt at a concentration of 
2 to 20 mM, preferably at about 10.2 mM. The sugars are preferably hexoses, 
or their derivatives. Preferred is a mixture of D(+)glucose (about 1 to 30 mM, 
preferably about 18.6 mM), D(+)ga1actose (about 1 to 10 mM, preferably 
about 2.5 mM), D(+)mannose (about 1 to 10 mM, preferably about 2,5 mM) 
and L(-)fucose (about 1 to 10 mM, preferably about 2.5 mM). The lipid 
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concentration is in the range of 0.01 to 100 g/l, preferably about 0.5 g/l. The 
lipids are composed of different phospholipids, mainly phosphatidylcholine, 
phosphatidylethanolamlne, tri- and diacylglycerols as well as lyso-lipids. The 
phospholipid concentration should be in the range of about 20-100 %, 
preferably at about 42% (basis total lipids). The main phospholipids should be 
phosphatidylcholine and/or phosphatidylethanolamine. The size of the particles 
formed by the lipids (liposomes) should be in the range of 50 nm to 5000 nm» 
If the buffer is used only for the isolation and subsequent detection of tumour 
cells 0.02% sodium azide is added in order to increase shelf life. Alternatively 
the buffer can be filtrated sterile. 

The incubation in the method (2), (3) and (4) is preferably performed at 0 to 
37°C, preferably of about 4°C for 5 min to 2 h, preferably for about 30 min 
under gentle agitation. 

In the following a more detailed disclosure of the method is presented, using 
cancer cells as the target-cells for detection and possible isolation. The method 
is, however, not limited to cancer cells and the disclosure shall not be 
construed to limit the method to this particular field of use, since the method 
is suitable within a range of cytological research areas. 
* 

In the management of cancer patients, the staging of the disease with regard 
to whether it is localized or if metastatic spread has occurred to other tissues, 
is of utmost importance for the choice of therapeutic alternatives for the 
individual patient. In addition, the number of detected tumor cells and the 
increase or decline in number during adjuvant therapy can give important 
information on the success of the therapy. 

The tumor cells can be stained by immunohistochemistry using specific 
antibodies and examined by light (Cytotherapy 1(5), 377-388 1999) or 
fluorescence microscopy. 
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The invention allows for a very sensitive isolation and the subsequent 
characterization of, for example, metastatic tumor cells, since a high number 
of cells can readily be screened in the microscope. The monoclonal antibodies 
bind with sufficient specificity to, for example, tumor cells and not or to a 
much lower extend to other cells than the target-cells present in mixed cell 
suspensions, like blood or bone marrow. 

Tumor cells vary in their expression of surface antigens. Therefore, a single 
type of antibody may not be sufficient to capture all target-cells. The isolation 
of target-cells is improved by binding two or more different types of target-cell 
specific antibodies/antibody fragments (first antibodies/antibody fragments) to 
the surface of the paramagnetic beads. 

In addition, the surface properties of the beads are chosen in a way that 
binding of cells, especially tumor cells, selectively occurs. Therefore, tumor 
cells, which show only a minor expression of antibody binding target structures 
are captured by the beads. 

The advanced method involves the coupling of monoclonal antibodies/antibody 
fragments, e.g. of murine or other origin or generated by other biological 
methods (e.g. phage display), that specifically recognize antigens present on 
tumor cells, and not on normal cells in question to paramagnetic particles. For 
other purposes the antibodies/antibody fragments are directed against 
specified subpopulations of normal cells. In a different approach the beads are 
coupled to antibodies/antibody fragments specifically recognizing the tumor- 
specific antibodies. The cell binding antibodies may be of the IgG, IgA or IgM 
type or being a fragment of a IgG or IgM antibody. Examples of used anti- 
target-cell antibodies may be those directed against groups of antigen 
determinants, for example, epithelial surface antigen (ESA), Her2/neu (c- 
erbB2), melanocyte cell surface antigen or CD146. As for the malignant cells 
these may be breast, ovarian, and lung carcinoma cells, melanoma, sarcoma, 
glioblastoma, cancer cells of the gastrointestinal tract and the 
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reticuloendothelial system. The malignant cell population may be located in 
bone marrow, peripheral blood, come from pleural and peritoneal effusions 
and other body fluid compartments, such as urine, cerebrospinal fluid, semen, 
lymph or from solid tumors in normal tissues and organs. 

The method comprises coupling of the target-specific antibodies/antibody 
fragments directly to the paramagnetic particles, or the attachment can take 
place by binding to surface coupled antibodies, such as mono- or polyclonal 
anti-mouse, anti-rat or other antibodies or antibody fragments, specifically 
recognizing the Fc portion or other portions of the target-specific antibodies. 
The antibody-coated paramagnetic beads are then mixed with the suspension 
of cells to be isolated and incubated for 5-10 min to 2 h, preferably for 30 min 
at 0-25°C, preferably at 4°C, under gentle rotation in the presence of a 
solution or suspension containing sugars, citrate and lipids as defined 
hereinbefore. 

The present method may also be performed in a different order of steps, in 
that free target-cell specific antibodies/antibody fragments are added to the 
cell suspension, incubated for 5-10 min to 2 h, preferably 30 min, at 0-20°C, 
preferably 4°C, under gentle rotation and the paramagnetic particles - coated 
with anti-mouse or other antibodies - are then added to the incubated cell 
suspension and are incubated, as described above. The number of antibody 
coated beads added to the cell suspension should preferably be from about 5 x 
10" 1 to 1 x 10 9 , more preferably from about 1 x 10 5 to 1 x 10 s times the 
number of target cells. 

The target-cells can be positively separated from non-target cells in a 
magnetic field. The isolated target-cells, can then be enumerated 
microscopically and/or a suitable cell/particle counting device and the fraction 
of target cells relative to the total number of cells in the initial suspension or 
the number of target cells per initial volume can be calculated. 
The target-cells may be characterized for the presence of specific biochemical 
and/or molecular biological features. Of particular importance will be the 
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characterization of tumor cells present in blood, bone marrow and other 
biological fluids, for example, urine, cerebrospinal fluid, semen, and lymph by 
antibodies/antibody fragments against target-cell specific intra- or extracellular 
markers. 

If the material to be examined consists of blood or bone marrow aspirates, the 
erythrocytes are lysed (e.g. by the lysis buffer defined hereinbefore) and the 
remaining cells are used in the immunomagnetic isolation, described above. 

The results of the immunomagnetic isolation are influenced by several factors. 
Among these are a) the ratio of target-cells to the number of particles, b) 
incubation times, type of incubation medium, type of antibodies and type of 
beads. 

Individual tumor cells differ in their expression of specific antigens. Therefore, 
not all tumor cells are captured by the antibodies bound to the surface of the 
particles. In order to enhance the binding of tumor cells to antibody coated 
particles, particles are chosen that bind tumor cells by an unspecific 
mechanism. This can be demonstrated by the fact that beads free of any 
antibodies can bind a certain fraction of tumor cells (see Example 7). A 
preincubation of the antibody-coated beads or the cell suspension or both with 
a mild detergent (e.g. less than 0.1% Tween® 20) is in contrast to EP-B- 
0660930, not necessary. Rather, such preincubation with amphiphiles would 
reduce the number of isolated tumor cells (see Example 6) and a 
preincubation of cells with Tween® 20 would disturb the isolation (see Example 
9). 

After an immunomagnetic isolation, as described previously, the cell 
suspension can be incubated with a further set of antibodies or antibody 
fragments directed against other extracellular or against intracellular 
determinants of the target cells, with or without pretreatment with cell 
fixatives and/or permeabilization agents such as formaldehyde or alcohols. 
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This second set of antibodies or their fragments should be prelabeled by 
fluorescent agents, rnetallocolloids, radioisotopes, biotin-complexes or 
enzymes like peroxidase and alkaline phosphatase, allowing visualization by 
per se known methods in the microscope and/or suitable counting device. 

In order to simplify the characterization of isolated target-cells, the cell 
suspensions can be attached to coated glass slides or be subjected to cytospin 
centrifugation before the addition of the second set of antibodies. 

The paramagnetic particles of the kit (7) of the invention are loaded with 
target-cell specific antibodies (e.g. a first antibody specific for a tumor cell 
epitope) or with specific second antibodies such as polyclonal or monoclonal 
anti-mouse or other antibodies, capable of binding to the Fc-portion or other 
portions of the first antibodies or their fragments. 

The kit (8) of the invention which is suitable to perform the method (2), (3) 
and (4) of the invention may further contain solutions and/or salts necessary 
for the lysis of erythrocytes from whole blood samples, a wash solution for 
washing the cells by separation, a magnet, third antibodies as defined 
hereinbefore, and the like. 

The invention is further explained by the following examples, which are 
however not to be construed to limit the invention. 

Examples 

1. Materials and Methods 

LYSIS SOLUTION: The lysis solution is composed of 155 mM NH 4 CI, 10 mM 
KHC0 3 , 0.1 mM EDTA and 0.02% sodium azide. The solution may be sterilized 
if necessary. 
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WASH SOLUTION: The wash solution is composed of 0.9% (w/v) NaC! with 
0.6% sodium citrate and 0.02% sodium azide. The solution may be sterilized if 
necessary. 

INCUBATION BUFFER 

The incubation buffer is composed of phosphate buffered saline with 10.2 mM 
sodium citrate, 18,6 mM D(+)gtucose, 2.5 mM D(+) galactose, 2.5 mM 
D(+)mannose, 2.5 mM L(-)fucose, 0.02 % sodium azide and 0.5 g/l soy-bean 
lipids with 42% (basis total lipids) phospholipids. The size of the particles 
formed by the lipids is below 5000 nm. 

Paramagnetic silica particles purchased from Micromod (Sicastar-M; with 
terminal COOH-groups, 1.5 pm diameter, a density of 2.5 g/cm 3 , a 
magnetization of 4 emu/g and a protein binding capacity of 1.4-1.6 \jg 
Aibumin/mg) or Chemicell Simag (75/H-TCL with a terminal COOH-group, 0.75 
pm diameter, a density of 2.25 g/cm 3 and a surface area of approximately 100 
m 2 /g). 

M-buffer: 0.1 M MES buffer, pH 5.2 

MT-buffer: 0.1 M MES buffer, pH 5.2, containing 0.01% Tween®20 

PBST; phosphate buffered saline containing 0.01% Tween® 20 at physiological 

pH, preferably pH 7.42. 

PBSTE: PBST with 40 mM ethanolamine. 

2. Preparation of CS-beads 

Beads (2 mg) were resuspended in 1 ml 0.1 M MT-buffer and were washed by 
application of an external magnetic field for 5 min (alternatively the beads can 
be centrifuged). The supernatant was removed, the beads were resuspended 
in 1 ml MT-buffer and were then washed in 1 ml 0.1 M M-buffer. 
The beads were activated by resuspension in 1 ml 0.1 M M-buffer containing 
30 mg/ml EDAC and 6 mg/ml NHS for 15 min at room temperature under 
gentle agitation. The beads were then separated for 10 min in an external 
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magnetic field, resuspended in 1 ml 0.1 M M-buffer, and washed twice in MT- 
buffer by application of a magnetic field as described above, 
Antibody (10-40 pg/ml; e.g. purified mouse monoclonal antibodies BerEP4 
(#09564 DakoCytomation GmbH, Hamburg, Germany) or c-erbB-2 (#MS-229- 
PABX Neomarkers, Fremont, CA, USA) was added and incubated for 1 h at 
room temperature under gentle agitation. Then the beads were separated for 
5 min in the presence of an external magnetic field as described above. 
Thereafter the beads were washed with PBST by application of a magnetic field 
as described above, were incubated for 30 min in 1 ml PBSTE and were then 
separated for 5 min in an external magnetic field. Finally, the beads were 
washed 3 times in PBST and were stored in 1 ml PBST at 4°C for further use. 

3. Determination of the ratio of beads coated with antibodies 

Beads coated with antibodies (e.g., the monoclonal mouse antibodies 
described in 2. above) were diluted 500-fold in PBST and separated for 5 min 
in an external magnetic filed. The beads were resuspended in 100 Ml PBST and 
2.5 Ml anti-mouse F(ab) , 2 fragment of Ig antibody was added, which is 
fluorescence labeled with R/PE (#R0439 DakoCytomation). The beads and the 
antibodies were incubated for 30 min in the dark. Then 900 \j\ PBST were 
added and the beads separated in an external magnetic field for 5 min. The 
beads were washed in 1 ml PBST, resuspended in 1 ml sterile filtered PBS 
without Tween* and diluted 5-fold with sterile PBS. The relative amount of 
beads coated with antibody was determined by FLOW measurements. The 
beads were used if more than 75% of the beads were coated with antibodies. 

4. Separation of cells 

l ml of a fresh EDTA-blood sample was filled into a conical 15 ml centrifuge 
tube and the sample was centrifuged at 1500 x g for 10 min at 4°C. The 
plasma was pipetted off without disturbing the buffy coat and the plasma 
volume was restored with the same volume of WASH-SOLUTION. Then, 1 ml 
of LYSIS-SOLUTION was added and the cells were resuspended. 3 ml of 
LYSIS-SOLUTION was added and incubated at 2-8°C until erythrocyte lysis 
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was complete (approx. 10 min). The color changed from bright red to deep 
red, sometimes almost black. The time of lysis was not increased since other 
cells might have been harmed. The mixture was centrifuged for 5 min at 4°C 
and 1500 x g and the supernatant was removed without disturbing the pellet. 

1 ml of LYSIS-SOLUTION was added, the cells were resuspended and 
incubated for 10 min at 2-8°C There was no visible change in the color. 9 ml 
of WASH -SOLUTION were added and centrifuged for 5 min at 4°C and 1500 x 
g- The supernatant was pipetted off and the cells were resuspended in 5 ml 
WASH-SOLUTION. For better results all cells were resuspended first in 1 ml 
and then 4 ml were added. The mixture was centrifuged for 10 min at 4°C and 
1500 x g and the supernatant was removed without disturbing the pellet. 1.5 
ml INCUBATION-BUFFER was added and the suspension was transferred into a 

2 ml round bottom vial. In order to reduce the loss of cells, the cells were first 
resuspended in 1 ml, then this volume was transferred into the 2 ml vial and 
the centrifuge tube was rinsed again with 0.5 ml INCUBATION-BUFFER. 15 pi 
CS-Beads, e.g. 7.5 pi each of the beads prepared in 2. above, were added to 
the vial. The suspension was incubated on an end-over-end mixer at 4°C for 
30 min at 20 rpm. The reaction tube was placed in the CS-Magnet for 10 min. 
The reaction tube was not moved or turned in the CS-Magnet. The liquid was 
pipetted off from the reaction tube without touching the beads. The beads and 
the rosetted cells were carefully resuspended in 50 pi INCUBATION BUFFER. 

5. Staining of separated cells 

A fixation and permeabilization of the cells separated in 4. above was 
performed by using the FIX & PERM Cell Permeabilization kit from Caltag 
Laboratories (Hamburg, Germany). 

100 pi solution A from the above kit were added and incubated for 15 min. 
This resulted in a fixation of the cells. The cells were washed in 3 ml phosphate 
buffered saline (PBS) with 1% fetal calf serum and 0.02% sodium azide 
(PBS/FCS). 100 pi solution B from the above kit of Caltag Laboratories were 
added, which permeabilized the cells and 2.5 pi FITC-labeled a nti-Cyto keratin 
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antibody (#130-080-101 Miltenyi Biotech GmbH, Bergisch Gladbach, 
Germany) and 2.5 pi R/PE-labeled anti-CD45 antibody (#IM2653 Beckman- 
Coulter, Krefeld, Germany) were added. The mixture was incubated for 15 min 
in the dark and the cells were washed in 3 ml PBS/FCS by centrifugation (400 
x g, 10 min). The cells were resuspended in 1 ml PBS/FCS and the FLOW 
measurement was performed. The tumor cells were labeled with the above- 
mentioned anti-cyto keratin antibody. 

6. Effect of a pre-incubation of antibody coated beads with INCUBATION 
BUFFER 

Tumor cells (HCT15) were added to peripheral blood, which was lysed by an 
ammonium chloride method. Then beads were added, which were coated with 
an anti-ESA antibody. After an immunomagnetic separation as described in 4., 
95% of the tumor cells were recovered. If the beads were pre-incubated with 
INCUBATION BUFFER, the recovery decreased to 65%, which shows that an 
incubation with amphophilic substances (lipids) - contrary to detergents - 
provide for a reasonable recovery of tumor cells. 

7. Binding of beads without antibodies to tumor cells 

If the beads added were free of any antibody, then the recovery of the tumor 
cells (HCT15) was 12% without a pre-incubation and 11% with a pre- 
incubation in INCUBATION BUFFER. This shows that even the beads without 
antibodies specifically bind to tumor cells. 

8. Effect of the number of beads and the number of tumor cells on the 
recovery 

Tumor cells (HCT-15) were added to peripheral blood at a concentration of 
1761 and 20965 cells per ml blood, respectively. The blood (9 ml) was lysed 
by a modified method described in 4. above. Briefly, the sample was 
centrifuged at 1500 x g for 10 min at 4 °C The plasma was removed and 
restored with the same volume of WASH-SOLUTION. Then, the 4fold volume of 
LYSIS-SOLUTION was added, the sample stored on ice until lysis was 
complete. Cells were spun down at 1500 x g for 5 min at 4 °C, the supernatant 
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was removed and 5 ml of LYSIS-SOLUTION was added. The sample was 
incubated on ice for 10 min, 40 ml of WASH-SOLUTION was added and the 
sample was centrifuged at 1500 x g for 5 min at 4 °C After washing the cells 
in 10 ml WASH-SOLUTION, the cells were resuspended in 4 ml INCUBATION- 
BUFFER. The cell number was determined and 15 pi bead suspension were 
added. The beads were coated with an anti-ESA and an anti-cerbB2 antibody 
(e.g. by the mixture of the beads prepared in 2. above) to 6 x 10 6 cells in a 
final volume of 1.5 ml SEPARATION-BUFFER. The samples were incubated for 
30 min at 4 °C on an end-over-end mixer at 20 rpm to allow binding of the 
beads to the cells. Then, the reaction tube was placed in a CS-magnet for 10 
min, the supernatant was removed and the bead-labelled cells were 
resuspended in PBS. The cells were counted and not more than 3 x 10 s cells 
were applied on poly-lysine coated slides (Menzel-Glaeser), dried over night, 
fixed in ice-cold acetone and stored at -80°C until further use. 
Prior the staining procedure an additional fixation with paraformaldehyde was 
performed. Then, the cells were permeabilized at room temperature with PBS, 
containing 1 % FCS, 0.1 % saponine. Incubation in a BSA solution at 37°C 
reduced unspecific binding of antibodies. Subsequently cells were incubated for 
30 min at 37°C with an anti-pan CK antibody (Sigma, St. Louis, Missouri, USA) 
and an anti-HEA (Miltenyi Biotech GmbH, Bergisch Gladbach, Germany) 
antibody, both labelled with FITC. Finally, the nucleus of the cells was stained 
using DAPI (Sigma). Specimen were mounted in DABCO (Sigma). As an 
internal control, two slides, coated with blood cells or tumor cells only were 
also stained. 

For the detection of tumor cells an Olympus Microscope (BX-50) equipped with 
a CC-12 camera and the software Analysis was used. The area, coated with 
cells was automatically scanned and the location of labelled objects was 
stored. Then, all objects were relocated using the software and classified as 
tumor cells or other objects, according to size, shape, structure of the staining 
and the DAPI signal of the nucleus. Figure 1 shows the results of this study. An 
increase in the number of beads results in an increase of the recovery rate of 
tumor cells from peripheral blood. Fifteen microliter (1 x 10 7 beads) results in 
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a recovery rate of 67.7 ± 18.8 % in samples with 1761 tumor cells per ml 
blood. The results are summarized in Fig. 1. 

In a similar experimental approach only 12 tumor cells were added to 1 ml 
peripheral blood. Using 15 pi bead suspension the recovery rate was 75 % and 
83.3 % of the tumor cells. 

9. Effect of Tween® 20 on the isolation of tumor cells from peripheral blood 
Tumor cells (HCT-15) were added to peripheral blood. The ratio of HCT-15 to 

blood cells was 1.6 to 98.4. The blood was lysed as described in 8. above. 
Beads (15 were added to 6 x 10 6 cells suspended in 1.5 ml SEPARATION- 
BUFFER and the cells were incubated in the presence of different amounts of 
Tween® 20 for 30 min on an end-over-end mixer at 4 °C and 20 rpm. In 
addition, separate samples were preincubated in 0.01 % Tween® 20 at 4 °C 
for 30 min before the addition of beads and the incubation on the end-over- 
end mixer. The cells were separated (as described in 8. above) and stained 
with FITC-labelled anti-pan CK antibody and PCS labelled anti CD45 antibody 
(as described in 5. above). The recovery of tumor cells from blood was 
determined with by FACS/FLOW analysis. 

Table 1: Influence of Tween® 20 on the recovery of HCT15 tumor cells isolated 
from peripheral blood (n=6, mean ± SD) 



Tween® (%, w/v) 


recovery of tumor cells (%) 


0 


61.8 ± 7.9 % 


0.001 


70.3 ± 10.6 % 


0.01 


65.7 ± 16.2 



If cells were preincubated in INCUBATION-BUFFER, containing 0.01 % Tween® 
20 the recovery was 65 ± 10 %. Therefore, Tween® 20 and especially a 
preincubation of cells with a Tween® 20 containing buffer does not effect the 
recovery of tumor cells. 

However, by preincubating cells in a Tween® 20 containing buffer for 30 min at 
4 °C an increased turbidity of the samples was observed. In addition, 
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aggregates were detected, indicating that the bead/cell interaction is disturbed 
and that cells are destroyed by a preincubation in a Tween® 20 containing 
buffer. Thus, a preincubation of cells in Tween® 20 is not necessary and 
interferes with the isolation procedure. 



